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@ Several methods for the determination of phenol in urine as il check on benzene 
exposure are compared, Known colorimetric methods have been tested against a 

gas chrornatographic procedure. From the results it is concluded that the g;ls 
chromatographic procedure is to be prefcrred for routine testing. 
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Introduction 

HE PUBLICATIONS of Teisinger and T Fiscrova-Ikrgcrova’ rind of JValklcy cl a[.* 
on thc mcasiircrilent of phcnol in urinc as an 
indcx of benxenc cxposiirc, or poisoning, Iinve 
aroiiscd much interest. Thcy show that a. 
linear relationship may be asstinled bctwecn 
benzene exposure and the increasc in the 
amount of phmol-which also occurs nor- 
rnall y-in u ri n c. 

Thc  phcnol lcvcl in urinc provcs to bc a 
more reliablc index of trcnzcnc csposurc than 
any of the following: 

The ratio between inorganic and organic 
sulfatcs in urinc, a criterion that is 
commonly used. 
Periodic blood tests, hccausc cspcricncr 
has shown that they fail to reveal 
chronic bcnzenc poisoning at a stagc 
when thc damage done to thc bloocl- 
producing organs is still rcversiblc. 
Occasional benzcne determinations in 
the atmosphere, since thcy do not pro- 
vide an accurate picture of the actual 
exposure of the worker throughout a 
working day. 

inining phenol are h e e d  on colorirnctric meas- 
urements in the steam distillates of urine, 
namely: ( 1 ) G i b b ~ ’ ~  method, with the color 
reagent 2,6-dichloroquinone chlorirnide; and 
( 2 )  thc mcthod of Thcis and Renctiict,’. with 
diazotizcd 1)-nitroaniline ;1s the color rcagent. 

The first method is the more specific for 
plicnol and produces lower valucs than the 
sccond. I t  is, however, more critical and takes 
much morc time. For thcsc reasons Walklq 
d nl. prcfcrrcd the method of ‘J’heis and 
ncncdict, particularly for routinc tests. 

After an investigation in our laboratory had 
shown that phenol determination in urine by 
a gas chromatographic procedure (GLC) is 
quitc fcasiblc, we comparcd this method with 
thc two methods already mentioned. The gar 
chrotnatogaphic method is described in  the 
I>ctails of Analysis. , 

Thc twine produced at  the end cf a work- 
ing day by three workers was tested for 
phenol. I t  was known witfi ccrtaiiity (by GLC 
analysis of air samples) that these persons 
had bccn exposed to a low conccntration of 
bcnzenc. The phcnol contents, in rnilligam 
pcr liter, were: 

, 

---- 
GLC Theis and Bcnedict Gibbs 

----_--__c The detection of excessive benzene cxposurc 
66 6) 30 by the determination of phenol in thc urinc 
3C 15 12 passed at  the end of a working day is there- r;o 30 31 

fore an important advance in the toxicolo,gy _____ . _ _ _  . .- 
of benzene. 

thrcc incthods p r~ducc  such widcly divergent carrying out this determination. 
results?” 

Phenol Determinafions in Urine In discussing thc diffcrences hctwcen the 
two colorimetric methods, TeisinSer’ and 

We have compared various methods of The obvious question is: “VJhf do the . 

The two most common methods for dcter- 
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Walkle)$ do not give a satisfactory explana- 
tion. Teisingcr did find that the differences 
probably are clue to the variations in normal 
“phenol” contcnt in urine. In  persons ex- 

to befinme, subtraction of the “phi:nol” 

instance, the use ol medicines: spices, and 
condiments. 

According to the test method applied, the 
average normal phenol content is variously 
reported : 

‘ 

~~ 

Authors Content (rng/liter) Method -- 
Portcous and William” 5-10 (uncorrected) Cibbs 
Teisinner and 9.5 (uncorrected) Cibbs 

Walkley and co-worken’ 30 (corrccted) Theis i a d  Benedict 
Dcichmann and Schiife? 25 (uncorrected) Theis and Benedict 

Firerova-Bergerova’ 

found by thc rcspective methods in normal 
urine (before benzene exposure) gave about 
he same “extra” phenol values. 

Our investigations revealed that both color- 
imetric methods suffer from intcrfcrcncc ;by 
other phenolic compounds present in urinc. 
In Theis and Benedict‘s method, p-cresd is 
codetermincd ; in Gibb‘s method, it is scaiccly 
so. In both methods m- and o-cresol inter- 
fere. The GLC method is specific for the 
determination of phenol and also allows the 
separate deterrtrination of ( p  + r n )  -’tresbI and 

These facts explain the differences in 
phenol content as detennined by the three 
methods. When one considers that )-cresol 
is not a metabolke of benzene, Teisinger’s 
conclusion on comparing the two colorimetric 
methods is now also clcar. The  varying values, 
especially of the normal p-cresol sccrction in 
urke> d l l  amrdinigly I ~ i w  an adverse e t h t  
on the reliability of the test, especially of the 
Theis and Benedict method. 

With regard to the cresols, it is knownJ that 
~ r c d  is normally present in urine, wen in 
much larger quantities than phenol. Schmidt* 
found cresol secretions of 65 to 117 mg/per 
24 hours (average 87 mg). Siegfried and 
Zimmernian’ found 58% p-cresol as referred 
to the total phenols, the remainder being 
mainly phenol; other phenolic compounds 
were found only in minute quantitics. 

Phenol and p-Cresol in Normal Urin 8 

Phenol Content 
Much rcscarch work has already been done 

to ascertain the noriiial phenol content of 
urine. This content depends on scveral .lac- 
tors besides that of normal food intake--for 

. 0-cresol. 8 

We used the GLC method to ascertain the 
phenol content of the urine of a number d 
adults (male and female) who had not been 
in contact with benzene and who stated that 
they had not recently taken any medicine. 
The group average was 5 tng/liter (20 per- 
sons, 40 saniplrs) . 

When the urinary phenol values were cor- 
rcctcd for a standard specific gravity of 1.024, 
as recominended by Walkley and co-workers, 
a group average of 7.5 mg/litcr was found. 
(See the Addendum.) 

Figure 1 is B plot of the differences be- 
tween the normal phenol concentrations in 
the urine of the test persons. 
So sipificanc difference in the amup aver- 

age was found bctwccn morning and aftcr- 
noon urincs with rcgartl to thc corrected 
plicnol contents (morning urincs, 8 mg/Iitcr: 
afternoon urinrs. 3 mgjker). 

For persons smoking up to twcnty cigarettes 
a day, no significant differences in urinary 

FIGURE I .  Histogram of normal phcnol con- 
centrations in urine of different persons (correct- 
ed values). 
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n 1 

FIOWRE 2. Histogram of (p+m)-cresol concen- 
trations in urine of different persons (corrected 
values). 

phenol content were found as compared with 
that in nonsmokers. 
(p+ m)-Cresol Content 

TABLE 11 
_. 

Phenol Content (m!;/likr) 
-- _ -  Worker GLC -- 

A (morning) 30 
(afternoon) 29 

I3 (morning) 31 
(afternoon) 29 

C (morning) 12 
(alternoon) 14 - 

noon urines nf the persons exposeil to h. 
zene. This does not agree with Walkley’s 
findings.* 

Details of Analysis 
Principle of the Method 

Urine samples are heated in the presence of 
phosphoric acid in order to hydrolyze the con. 
jugated phcnols (plienols bound .as sulfates on 
glucuronates) ; the hydrolysis is carried out in 

, a heatcd section upstream of the analysis In the same group of persons, the (fi + rn) - 
cresol content was also determined by the 
GLC method ; the results are plotted in Figure 
2. The group average wa? 89 mg/liter (cor- 
rected for density of urine). 

Phenol in Urine of Persons Exposed +o Benzene 

Samples of morning urine (on rising) and 
of afternoon urine (4:30 PM) of workers 
slightly exposed to benzene during working 
days were examined by Theis and Benedict’s 
method and by GLC, with the results shown 
in Table I. 

TABLE I 

8 

Phenol Contmt (mg/li!er) 

Worker T h e i  GLC 
A (morning) 2 59 18 

(af:crnoon) 56 17 
B (morning) 52 21 

(afternoon) 57 21 

Comparison of the morning and afternoon 
urines was repeated later by the GLC meth- 
od, a third person being included who worked 
at a distance of some meters from the foca.1 
point of the benzene exposure. These results 
are shown in Table 11. 

It is evident from these valuer: that no sig- 
nificant difference was found, b y  any of the 
methods applied, between morning and after- 

column. 
The liberated phenols are separated in a 

polyethylene glycol column and determined 
by means of a flame ionization detector. The 
method allows determination ol’ phenol and 
cresols separately in urine in the concentra- 
tion of 1 tc 1000 mdliter. 

Apparatus 
A flow diagram of the apparatus is shown 

in Figure 3. Most of the components are 
commercially available. The air thermostat 
containing the injection port, switching valve, 
coluiins, and detector is saitablt: for working 
temperatures up to 2 5 O O C  and has an BC- 
curacy of approximately 0.5OC. The double 
four-way cock has a stainless-:iteel housing 
and a plug lined with reinforced Teflon and 
is suitable for temperatures up to apprad- 
mately 200OC. The precolumns (hydrolysis 
sections) consist of 10-cm lengths of stainles- 
steel tubing (internal diameter 6 mn) filled 
with 30/50 mesh borosilicate glass powder. 
The analysis columns consist of 100-~n 
lengths of stainless-steel tubing (‘internd 
diameter 3 mm) filled with SO/SO md, 
Chromosorb-W coated with 10% (w) poly- 
ethylene glycol 6000. 

All metal parts that come into contact wkh 
sample components are made of stainless std 
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and are kepi at thermostat temperature 
( 150OC). 

n e  flame ionization detector has a nickel- 
tipped jet which acts as one of the electrodes, 
the other electrode being a cylinder of plati- 
num foil surrounding the flame. A potcntial 
of 90 volts is kcpt between the electrodes; the 
current is measured across a resistor variable 
stepwig betwcen lo8 and 1 O ' O  ohms. The 
signal is measured by means of an impedance 
converter of sufficiently fast response and reg- 
istered on a 2.5-mv full-scale potentiometric 
recorder. 

Hydrogen used as the carrier gas (6 liters/ 
hr) is purified by passing it through a column 
of 5-A molecular sieves at high pressure. Clom- 
bustion air (100 liters/hr) and carbon dioxide 
(40 liters/hr) are purified by pmsing them 
over copper oxide at  800' to 900OC. The ad- 
dition of carbon dioxide to the combustion air 
has been found to impimve the signal-to-noise 
ratio of the detector. The background s ipa l  
for a properly stripped column has been 
found to be sufficiently low to permit scnsi- 
tive measurcment (approximately 5 x 10'" A 
at the conditions mentioned). 

Experimental Procedure 

Urine samples that coulb not be analyzed 
immediately were stored in ;I frozen condition 
at -2OOC in small polyethylcne screw-cap 
bottles. Before the analysis, each urine saniple 
was mixed with an equal voluine of concen- 
trated phosphoric acid (analytical grade, spe- 
cific gravity 1.75). From this acid mixture a 
small amount (10 pl) was injected, by means 
of a precision microsyringe, into the hydrolysis 
column via the injection port. 

Calibration was carried out in exactly the 
same way, with freshly prepared dilute snlu- 
tiom of known phenol and cTesol contrmts 
instead of urine samples. The chromatograms 
were evaluated on a peak-height basis. 

The slow elution of small amounts of heavy 
components from urine samples was found to 
cause a slight increase in the backg -ound !jig- 
nal after each injection. This did not infer- 
fere seriously, as the blank signal could be 
compensated electrically. When, however, 
the background signal became too high after 
a large series of injections, the double four- 

, - - - - - - - - - -  . . ._-_ ... - 

25'- - - - - -- - - - - 
- - ? I @  
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FIGURE 3. Flow diagram for analysis with flame 
ionization detection. A, gus chromutogruphic circuit 
(thermostatted) : ( I )  double our-way cock; (2, 4)  

drolysis sections) ; (3b, 51)) analysis columns; (6)  
flame ionization detectors; ( 7 )  connection for 
combustion air and carbon dioxide. B ,  currier gar 
circuit: ( 8 )  adjusting valve for.,purging gas; ( 9 )  
manometer for leak testing; (10) precision rcduc- 
ing valve; (11) adjusting valve for carrier gas; 
(12) cianometer for measuring column inlet pres- 
sure; (13)  needle valve, connection used when 
measuring carrier gas flow; (14)  needle valve for 
leak tcsting; ( l ! i )  rotameter; (16) humidifier; 
( 1 7 )  soap film meter; (18) reducing valve for 
hydrogen; ( 19) purifying column (molecular 
sieves, 5 A) .  C, combustion air circuit: (20) com- 
bined air filter-rcducing valve; (21 ) rotameters; 
(22) furnace; ( 2 3 )  reducing valve for carbon 
dioxide; (24) precision reducing valves. D, elec- 
lrical $art: (25) nonmicrophonic shielded cable; 
(26)  .flame ionization dctector amplifier; ( 2 7 )  
potentiometric recorder. 

sample injection ports; (3a, 1 5a) precolumns (hy- 

way cock was switched. The subsequent 
analyses were carried out with the spare 
column combination, while the used one was 
simultaneously stripped clean with a counter- 
current stream of carrier gas. This arrange- 
ment is especially suitable for analyzing very 
large series of samples. When the number of 
samples is limited (to, say, less than 20 a 
day) , a simple setup could be used, consisting 
of one column combination only without 
switching valve. Cleaning of contaminated 
cohmns may be. carried out by maintaining 
the carrier gas flow overnight. 
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The analysis time compare:; very favor&\,. 
with the time required for colorimctric meth. 
ods; the gas chromatographic - -  analysis can 
carried out in l e s s  than 10 minu.tes. 

Detection of Benzene Exposure 
If the phenol content of urine is to be at. 

cepted as an index of benzene txposure, it 
will have to correlate as c1ose:ly as 
with benzene conccntrations in thc atntb 
phcre. It is only then that justified ronclusiom 
can be drawn concerning rnaxiinuni permi(, 
sible phenol consentrations in urine. That 
there are diiTerences of opinion on these con. 
centrations is apparent froin thi: following; 

Tcisingcr and Fiscrova-ncrRci.ova’ concludr 
froin thcir obscr\.ations that a groiip avcragr 
of 100 nig of pticnol 1x-r liter. in 21  hours’ 
urine indicates that the worker has heen ex- 
posed to a benzene atmosphere of 35 ppm. 

Walkley and co-workers2 conclude fiom 
their studies that a proup average of 200 r q  
of phcnol per liter of wine inclicatcs cxposure 
to 25 ppni of benzene. 

If a few corrcctions are applied to make 
the conclusions of the two investigators coin. 
parable. the alloivable’phcnol content of urine 
is still significantly lower in Teisinger’s find- 
ings than in Wal kley’s. 

The corrchtion between hcnzcnc concen- 
tration and ‘rplienol” content in iirine was 
plotted by Walklcy as shown in F ip rc  5 (line 
2 ) .  The slope of the line (zngle 1.) is the 
criterion here. Its correctness is determined 
by several factors, including the number of 
tcst pcrsnns and the reliability of thc phenol 
determination. Walkley supposes the group 
average (69 persons) of the riormal “phenol” 
content of urine to be 30 mg/’liter. On ex- 
posure to 25 ppm the group avcrage 01 
“phenol” in urine will ;hen he about 210 
rng/liter. 

Conversely, from a group avcragc of about 
210 nig of phenol per liter of urine, we nuy 
conclude that in the work room of this group 
the maximum zllowable concentration of 25 
ppm of benzene was not exceeded. 

If the group under consideratior1 is la%? 
it will be J)ossibk! to arrivc at ;L reliable con- 
clusion with regard to the benzene concen- 
tration in the atmosphere even if the method 
used to determine the phenol content is not 

* 

RPsidts 

Examples of chromatogranls are given in 
Figure 4. As will be seen, phenol is well 
separated from cresols. Meta- and para-cresol 

f’- \ 

00 zz- u 20 30 40 llEUROER x! OCFLECICU 

FIGURE 4. Examples of chromatograms. Sample 
s i x ,  IO pl of urine-phosphoric acid mixture ( 1  : 1 ) .  
Conditions of analysis: tempcraturc, 150°C; carrier 
gas flow. 6 liters b H, per hour: column, 
100 cm X 3 mm polyethylene glycol 6000 on Chro- 
mosorb-W; precolumn, 10 crn X 6 mm glass pow- 
der; measuring range, 100 niv at 10’ ohms. 

come together as one peak. Ortho-Cresol was 
found to be absent in the urine samples in- 
vestigated. 

The relationship between peak hcisht and 
conccntration is essentially linear bctwccn 1 
and 1000 ppm (w/w) phenol or c r e d .  Good 
agreement was found between the phenol 
content experimentally found in urine Sam- 
ples to which known amounts of phenol had 
been added and the calculated values. The 
hydrolysis of conjugstcd phcnols proved to be 
sufficiently quantitative for practical purposes. 

The repeatability of the method was tested 
by carrying out a number of analyses on a 
urine sample containing approximately 30 
ppm (w/w) of phenol; a standard deviation 
of 1.2 mg/liter (approximately 4% relative) 
was found. The  sensitivity of the gas chroma- 
tographic method permits the detection of less 
than one ppm (w/w) of phenol in .5 pl of 
urine. 
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PHENOL IN URINL, mg/L 
[THEIS’S METHOD 1 

180 mg/liter as the maximum value for urines 
of persons not exposed to benzene. Therefore, 
the upper limit of the band in Figurc 5 has 
been drawn through a point on the ordinate 
corresponding to 180 tng of “phcnol” per liter. 

On comparing; Figure 5 with Waiklcy’s ori- 
ginal figure, it will be seen that most of the 
scattered points in thc latter plot fall well 
within the band fornicd by lincs I and 3 of 
Figure 5 .  Walkley and her co-workcrs have 
indeed found that by Theis and Benedict’s 
method “phenol!’ contents appreciably higher 
than 50 mg/litcr may occasionally be detcr- 
mined in urines of persons not cxposccl to ben- 
zene; mention was iiiaclc of soinc ca.scs whcrc 
thc level was ;is high as 100 iiig/litc:r or even 
200 mg/litrr in thc a1isc:nc.v of lwnzrnc: cx- 

0 
BENZENE IN ATMOSPHERE .$pm ’ p u r e .  

FIGURE 5. Relation between phenol secretion in 
urine and bcnacnc concentrations in the atmosphere 
( WalkIcy CL al . )  . 

very exact. l’hc routine esariiination by thc 
industrial physician, ho\vcvcr, will oftcn in- 
clude groiips of workers from sinall dcpnrt- 
ments, which consist of only a few persons. In  
that case thcrc is the risk of erroneous conclu- 
sions being drawn on account of large varia- 
tions in the ( )+nt )  -crcwl contcmt of thc 
urine. 

If the slope of Walkley’s correlation lint: is 
assumed to be correct, the liniits of these vari- 
ations in the Walkley graph c a n - o n  thc 
basis of our data, which w r c  obtaincd 1)y t l i v  
GLC method-bc plotted as a “band” corre- 
lation (Figure 5, lincs 1 and 3 ) .  The mini- 
mum content of phenol +cresol norinally pres- 
ent in urine is 0 mg/litcr, the maximum about 
220 mg/liter (18+200, scc Figures 1 and 2 ) .  

A cresol content of 200 mg/litcr as found 
by the GLC mcthod may show up as varying 
contents of apparent “phcnol” in the colori- 
metric method of Theis and Benrdict (de- 
pending on whether this cresol is p-cresol, 
m-cresol, or a mixture of thc two, and also on 
the wavelength usccl) . The masiinum appar- 
ent “phenol” contcnt rcstilting from 200 mg 
of cresol pcr liter that may 1)c tlius found is 
approxiniately 160 mg/litcr. This adds up to 
the real phenol content; hence, we might 
roughly take an apparent “phenol” contcnl of 

8 

From Figure 5 it is seen that a urine 
“phenol” content up  to 180 iiig/litcr, .s 
dctcrtiiincd by l’hcis and Bcncdict’s method, 
does not nccessa.rily point to benzene espos- 
we. A benzene lrivcl lxt\\-ccn 180 and 360 
Ing/litcr is found. 

If a similar graph is dra\vn for tlic specific 
phenol content as dctcrmincd by the GLC 
method--\vitliou t the necessity of making al- 
lowancc for the crcsol content of urine-the 

PHENOL IN URINE, mg/L 
(GLC METHOD) 

FIGURE 6. Relation between phenol secretion in 
urine and benzcnc coIicentrations in the atmos- 
phere. 
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corre1al.m lines shown in Figure 6 irre found. 
Again, the slope of the lines as given by 

Walkley (angle A )  is taken to be correct. The 
band is narrow, which allows of far more ac- 
curate detection of possiblc csposure to bcn- 
zene. A phenol content of ;iiorc than 10 xng/ 
liter as a group average (even in small 
groups) is an indication of benzene exposure, 
,and phenol values of more than 200 mg/litcr 
indicate exposure to 25 ppm or niorc of ben- 
zene. 

AIthough in composing the above graphs 
we took Walkley’s correlatic>n line (slope of 
the line) to be correct, there must, in our 
opinion, be sonic doubt as to its correctness on 
account of the low degrce of accuracy of thc 
Theis and Bcnrdict tncthod which \Valklcy 
used. 

Our investigations clearly indicate that thc 
GLC niethod, owing to its specificity arid ra- 
pidity, is to be preferred to Theis and Bene- 
dict’s method. It is also supcx-ior, though not 
so strongly, to Gibb’s xncthod, which, morc- 
over, is timc-consuming. 

We think, therefore, that i t  would be dcsir- 
ablr to repeat Walkley’s investigation by using 
an exposure chambcrand tlic GLC mc*thod. 

Cow lusion 
At present the gas chromatographic incthod 

(GLC) is the most specific and, aftcr jmpa- 
ration of the apparatus, also the most rapid 
rncthod for determining the phcnol content of 
urine. Gibb’s method is not much infcrior to 
CIA2 analysis, at least with rcgard to intcr- 
ference by p-xesol, but it is far morc tirnc- 
consuming. Theis and Benedict’s method 
would be preferable to Gibb’s if it wcre spe- 
cific for pheilol and if p-cresol were not co- 
dotermined. 

If the correlztion line (and the angle of its 
slope) as suggested by Walkley is correct, the 
results obtained by GLC also indicate that the 
limit of 200 mg of phenol per liter of urine 
may be considered medically safe. 

I t  is advisable, however, to check the cor- 
rectness of the correlation line with the aid 
of the GLC method to determine the phenol 
content of urine. 

Addendum 
After this article had been submitted, an 

yet unpublished article by H. Buchwald (mg 
Occupational Hygiene Service, Slough, Eng. 
land) came to the authors’ notice. In thj, 
article it is pointed out that the average sp. 
cific gravity of the urine of ethnic group 
varies according to their geographical situa- 
tion. 

The corrcction for a specific gravity of 
1.024, made by the authors in accordance 
with Elkins’ advice and with the practice c,f 
many authors in various countries, is based 
on an extensive investigation made in the 
USA (Lcvinc and Faby, 1945). Accordin! 
to rcccnt research in Englmd (Slough) and 
Ircland, thc avcrage spccific gravity of uriie 
in thc British Isles is not 1.024 but 1.016. 

This finding prompted the authors to de- 
termine the average specific gravity of the 
urinc samples investigated. Although the 
number of samples was fhr too sniall to en- 
able conclusions to be drawn from the re- 
sults, the averzge specific gravity did come 
out to be 1.016, in agreement with Rritisli 
values. This means that the average normal 
urinary phenol content corrected for specific 
gravity, was not 7-8 but 5-6 tng/litcr of urinc 
for the persons investigated, which is prac- 
tically equal to thc uncorrected average. 
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